This study examined the association of tagging single-nucleotide polymorphisms (SNPs) in the 130 kb region surrounding the microsatellite D17S1303 on chromosome 17p12 with the development of hypertension after 6 years in a cohort of 232 Hong Kong Chinese adults. Four SNPs (rs9899362, rs10491093, rs11658572 and rs9913883) were associated with the development of hypertension (Po0.05), but these associations require confirmation in future studies. Nevertheless, our study provides further evidence for the presence of an unidentified gene or a regulatory element predisposing to hypertension in a region approximately 24 kb downstream of D17S1303.
Hypertension is a complex disease commonly found in the Hong Kong Chinese population, especially in the elderly. Two genome-wide scans for phenotypes related to obesity and the metabolic syndrome have implicated a region on chromosome 17p12.
1,2 In a genome scan of blood pressureregulating genes carried out in Chinese sib pairs undertaken in Anhui, the microsatellite, D17S1303, which consists of GATA repeats at 17p12, had a logarithmic odds ratio (LOD score) of 42.0. 3 We previously found that the (GATA) 9 and (GATA) 14 alleles of D17S1303 were associated with hypertension (odds ratio (OR) 2.19, 95% CI 1.08-4.44, P ¼ 0.027) and normotension (OR 0.26, 95% CI 0.10-0.66, P ¼ 0.002), respectively. 4 Some single nucleotide polymorphisms (SNPs) within a 3 kb region of D17S1303 were associated with hypertension in a case-control study. 5 A recent genome-wide linkage analysis for blood pressure also revealed an association of the microsatellite marker, D17S921 at 17p12 (about 4000 kb downstream from D17S1303) with diastolic blood pressure in pooled Australian and Dutch populations. 6 Therefore, there may be an unidentified gene or regulatory element in the vicinity of this locus that determines blood pressure.
In this study, we further investigated the 130 kb region surrounding the microsatellite, D17S1303, using tagging SNPs in the HapMap database (http:// www.hapmap.org/) and their association with the development of hypertension at year 6 in a prospective cohort of 232 Hong Kong Chinese adults randomly recruited from the general population. 7, 8 We selected subjects who were not hypertensive initially. Hypertension was defined as blood pressure X140/90 mm Hg or the taking of antihypertensive drug. Clinical characteristics were determined as described previously. 7, 8 At follow up, 64 subjects developed hypertension. As expected, subjects who developed hypertension had significantly higher blood pressures, body mass index, weight, waist circumference, fasting glucose, plasma insulin and homeostasis model assessment of insulin resistance index (Supplementary Table 1 ). Among subjects who were hypertensive at follow up, 24 subjects (37.5%) were taking anti-hypertensive drugs. Using the Genetic Power Calculator, 9 this study with 168 hypertensive subjects and 64 normotensive controls has 80% power to detect OR of 2.7 and 3.5 for allele frequency of 0.10 and 0.05, respectively at the 5% significance level in a dominant inheritance model, assuming a hypertension prevalence of 30%.
Extraction of DNA from peripheral blood was described previously. 4, 5 Tagging SNPs with r 2 thresholds of 1.0 and minor allele frequencies 40.05 were chosen from the HapMap database on Han Chinese. We selected 65 tagging SNPs that captured 129 SNPs in a region of about 60 kb upstream and 70 kb downstream of the microsatellite, D17S1303. Genomic sequences were obtained from GenBank (accession number NC_000017). Genotyping was performed using the Sequenom MassARRAY system (Sequenom, San Diego, CA, USA). 5 Haploview (version 3.2) was used to test each SNP for Hardy-Weinberg equilibrium (HWE) and assess linkage disequilibrium (LD). The WHAP program was used to test the association of SNPs and haplotypes with the development of hypertension at year 6.
10 Correction for multiple testing was performed by the SNP spectral decomposition method. 11 Haplotypes with frequencies o1% were excluded from the analysis. Statistical analysis was performed using SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA). A two-tailed P-value o0.05 was considered statistically significant.
Among 65 tagging SNPs genotyped, one SNP (rs852323) had a minor allele frequency o0.05 while the genotyping of 10 other SNPs failed (rs9915989, rs7222633, rs9907171, rs11649920, rs7219444, rs11651346, rs2321321, rs11659130, rs2321322 and rs11869442) with only o85% of the subjects being genotyped successfully. Of the other SNPs, eight SNPs (rs2874499, rs12452528, rs8077598, rs2024072, rs7212115, rs9303266, rs16944084 and rs7209571) were not in HWE. The remaining 46 SNPs, as shown in Table 1 01-2.32) , respectively. However, the association did not reach statistical significance when correcting for multiple testing by the spectral decomposition method, because the effective number of independent marker loci (M effLi ) was 22.6 and so the experimental-wide significance threshold to keep type-1 error rate at 5% was 0.0023. The Table 2 ). However, the significance was not greater than that of the single variant, SNP 32. Analysis of phased genotype data also revealed significant associations of some haplotypes after adjusted for age and sex (data not shown). However, in both analyses, the association was not significant after correction for multiple testing.
Using ssSNPer program 12 to analyse SNPs statistically similar to the SNP 32 in the surrounding 1 Mbp region in the HapMap database, only two SNPs (rs1118198 and SNP 31, 1571 and 1015 bp downstream, respectively) were found to be in high LD with SNP 32 (r 2 40.8) (Supplementary Table 3) . Therefore, the causative variant should be located in the nearby region although the possibility of a distant causative marker that has not been genotyped in the HapMap database cannot be excluded. There are no genes in the 130 kb region surrounding the microsatellite marker D17S1303 (Supplementary Table 4 ). The nearest genes to D17S1303 are hCG1776018 and FLJ45455, both of which are predicted genes. The program ProtFun 2.2 (http://www.cbs.dtu.dk/services/ ProtFun/) suggests that hCG1776018 and FLJ45455 are likely to encode an ion channel and a transcriptional regulation factor, respectively.
The present results are compatible with our previous findings, 4, 5 suggesting that an unidentified gene or a regulatory element influencing the development of hypertension may be found in a region downstream of the microsatellite marker D17S1303. The number of subjects with new onset hypertension was limited, so the sample size or the length of follow-up needs to be increased in future. Confirmation in another population is also warranted.
